Study Design. Cross-sectional analysis of online spine-related patient education materials from leading academic centers. Objective. To assess the readability levels of spine surgeryrelated patient education materials available on the websites of academic orthopedic surgery departments. Summary of Background Data. The Internet is becoming an increasingly popular resource for patient education. Yet many previous studies have found that Internet-based orthopedicrelated patient education materials from subspecialty societies are written at a level too difficult for the average American; however, no prior study has assessed the readability of spine surgery-related patient educational materials from leading academic centers. Methods. All spine surgery-related articles from the online patient education libraries of the top five US News & World Report-ranked orthopedic institutions were assessed for readability using the Flesch-Kincaid (FK) readability test. Mean readability levels of articles amongst the five academic institutions and articles were compared. We also determined the number of articles with readability levels at or below the recommended sixth-or eight-grade levels. Intraobserver and interobserver reliability of readability assessment were assessed. Results. A total of 122 articles were reviewed. The mean overall FK grade level was 11.4; the difference in mean FK grade level between each department varied significantly (range, 9.3-13.4; P < 0.0001). Twenty-three articles (18.9%) had a readability level at or below the eighth grade level, and only one (0.8%) was at or below the sixth grade level. Intraobserver and interobserver reliability were both excellent (intraclass correlation coefficient of 1 for both). Conclusion. Online patient education materials related to spine from academic orthopedic centers are written at a level too high for the average patient, consistent with spine surgeryrelated patient education materials provided by the American Academy of Orthopaedic Surgeons and spine subspecialty societies. This study highlights the potential difficulties patients might have in reading and comprehending the information in publicly available education materials related to spine.
T
he Internet has become a widely accessible source of orthopedic patient education in the past decade. [1] [2] [3] [4] [5] [6] Not surprisingly, orthopedic surgeons and other health care professionals have begun using the Internet as a way to communicate with and educate their patients. [7] [8] [9] Although the Internet holds great promise for providing patient education materials, online orthopedic patient educational materials have been shown to often be written at a level inappropriate for the average reader in the United States. [1] [2] [3] [4] [5] [6] Readability is a numerical value determined by systematic formulas, which reflects the grade level of reading comprehension necessary to understand the information. [2] [3] [4] Several studies have investigated the readability of orthopedic surgery patient educational materials in a range of subspecialties, including spine surgery, 5 arthroplasty, 4 hand surgery, 6 pediatric orthopedics, 2 foot and ankle, 3 arthroscopy, 10 and orthopedics as a whole 1 from the American Academy of Orthopaedic Surgeons (AAOS) and other subspecialty organizations; however, to our knowledge, no study has evaluated the readability of patient educational materials provided by academic orthopedic departments.
MATERIALS AND METHODS
In August 2014, we searched for spine-related patient education materials from five leading academic orthopedic departments, which were chosen based on the top five departments listed in US News & World Reports rankings for orthopedic surgery 11 : The Hospital for Special Surgery, The Mayo Clinic, The Cleveland Clinic, Massachusetts General Hospital, and The New York University (NYU) Hospital for Joint Diseases. Some of the websites of these academic centers had a discrete ''spine'' patient education category; in these instances, we included all articles in this section. In centers that did not have a specific spine surgery category, we searched the entire library for relevant articles related to spine surgery. Articles were excluded if most of the article was in graphic, table, or list; or if the article was not written in English. 2 Articles were edited prior to readability assessment using the technique by Badarudeen and Sabharwal, 2 which included copying articles from the website into individual Microsoft Word documents in plain text to remove HTML tags. Then, extraneous texts unrelated to the articles were deleted including copyright information, disclaimers, author information, source information, appointment information, hyperlinks, and advertisements. Follow-up editing was finally completed to achieve a more accurate estimation of the reading difficulty by deleting paragraph breaks, colons, semicolons, numbers, percentages, and bullets, 2, 12, 13 which are non-textual elements that could affect readability level.
The Flesch-Kincaid (FK) readability grade level was calculated for each of the articles using the Microsoft Word 2010 program as previously described.
1-6,10,14 FK grade level is calculated automatically by the Microsoft Word program using the following formula 2, 13 : (0.39 Â mean number of words per sentence) þ (11.8 Â mean number of syllables per word) -15.59.
Statistical Analysis
The mean and 95% confidence intervals (CI) were calculated for the FK grade levels. FK grade levels were compared between the academic institutions via analysis of variance test with significance set at P < 0.05. Intraobserver reliability was assessed by way of intraclass correlation coefficients (ICCs) by having the same author who assessed the FK readability score recalculate the grade level of 15 randomly selected articles 1 week apart. 2 Similarly, interobserver reliability was calculated by having two of the authors independently calculate the readability levels of 30 randomly selected articles. 14 
RESULTS
A total of 122 articles from five different academic institutions met the inclusion criteria and were reviewed: 36 (29.5%) from the Hospital for Special Surgery, 25 (20.5%) from the Mayo Clinic, 21 (17.2%) from the Cleveland Clinic, 16 (13.1%) from Massachusetts General Hospital, and 24 (19.7%) from the NYU Hospital for Joint Diseases. The mean FK grade level of all the reviewed was 11.4 (range, 6.3-18.1); when comparing all five institutions to each other, there was significant variability in the mean FK grade levels, with the Hospital for Special Surgery having the highest mean FK grade level at 13.4 and the NYU Hospital for Joint Diseases having the lowest at 9.3 (P < 0.0001) ( Table 1) .
There were 23 articles (18.9%) that had a readability score at or below the eighth-grade level; 14 (60.9%) of those articles were from the Hospital for Joint Diseases. Only one article (0.8%) was at or below the sixth-grade level. In contrast, 99 total articles were above the eighth-grade level (81.2%), which is above the reading ability level of the average adult in the United States 2 ( Figure 1 ). Both intraobserver reliability interobserver reliability of FK grade assessment were excellent, with an ICC of 1 for both.
DISCUSSION
Health literacy, which is defined as the ''degree to which individuals have the capacity to obtain, process, and understand basic health information and services needed to make appropriate health decisions'' 15, 16 has been determined to be one of the best markers for predicting the overall health status of an individual. 17 Low health literacy is associated with worse health outcomes such as increased hospitalizations, higher mortality rates, worse health status, and poorer use of health care services. [18] [19] [20] [21] Unfortunately, orthopedic patients have previously been found to have low levels of health literacy and poor comprehension of their informed consent forms 22 and orthopedic care. 23 One strategy to improve health literacy might be to adequately educate our patients about their medical conditions and procedures. As health literacy depends on a patient's ability to comprehend health education materials, it is vital that patients are actually able to easily read the material provided to them by their physicians. Given the recent increased use of the Internet as a source of orthopedic patient education, [7] [8] [9] we sought to assess the readability of spine surgery-related patient educational materials provided by leading academic orthopedic surgery departments.
The majority of previous studies assessing the readability of orthopedic patient education materials have evaluated information generated by professional organizations such as the AAOS.
2-6,10,14 As academic orthopedic departments often provide their own online patient educational materials, we sought to assess online spine surgery-related patient educational materials from these academic institutions. Our results revealed that the average readability from the five orthopedic academic institutions was 11.4, which is consistent with a previous study analyzing the readability of spine-related patient education materials from AAOS, North American Spine Society, and American Association of Neurological Surgeons websites, which found the average FK readability level to be greater than 10. 5 These findings are concerning when considering that many prominent national organizations recommend that patient education materials be at a readability at or below sixth grade level, 1, 2 or at least be equal to or below eighth grade level, which is the reading level of an average American.
1,2,6,24 Nevertheless, such high readability levels observed is consistent with patient education materials in various surgical fields such as neurosurgery, 25 otolaryngology, 26, 27 and plastic surgery 28 that are written much higher than at a sixth grade level. Similarly, orthopedic patient education materials in specialties other than spine have previously been found to be too difficult for the average patient to comprehend, including materials from pediatric orthopedics, foot and ankle surgery, hand surgery, spine surgery, arthroplasty, as well as orthopedics as a whole, with mean readability levels ranging from 8.3 to 11.3.
2-6,10,14
Although the mean readability levels were high on average, among the five academic institutions, there was significant variation in readability levels. The NYU Hospital for Joint Diseases had the lowest readability scores for spinerelated patient education materials at 9.3 and had the greatest number of articles at or below the eighth grade reading level; in contrast, the Hospital for Special Surgery had the highest readability score of 13.4. Nevertheless, although lowest among the other academic departments, the readability level of the patient educational materials from the NYU Hospital for Joint Diseases was still higher than the recommended readability levels.
Possible reasons and accompanying solutions for the high readability level have previously been described. 1 Complex medical terminology such as that used in orthopedic surgery often has multiple syllables that increases the FK readability score. Replacing these technical words with simple layman terms that have fewer syllables has previously shown to improve the FK readability score. 6 Other suggestions to improve readability and comprehension include writing in short sentences consisting of no more than 8 to 10 words each, 29 writing in a conversational style, 1 and using visuals and illustrations to supplement the text. 30 Guidelines for effective use of illustrations, such as including captions and placing images in close proximity to texts, have been published to aid in such use of supplemental features. 30 Some authors suggest that formatting font color and size can also affect patient's understanding. 31 Furthermore, in the development of questionnaires, qualitative interviews and cognitive testing have been useful to ensure that respondents have a full understanding of the questions being used, 32, 33 which could be potentially applied to the development of patient education materials. Finally, screening of health education materials using validated quantifying tools, such as the FK readability score used in this study, can serve as an easily performed tool to guide the writing of patient education materials written at an appropriate reading level for the general patient population.
Despite the high reading level of the majority of the orthopedic patient education materials assessed in our study, it is encouraging that the Hospital for Joint Diseases had 14 of 24 articles (58%) presented on their website written at the eighth grade level or below, which is greater than previously reported for a single source of patient educational materials of spine surgery and orthopedicrelated patient educational materials. In addition, the Mayo Clinic had five articles written at the eighth grade level or below and the Hospital for Special Surgery had one article written at the sixth grade level, demonstrating that the goal to achieve spine-related patient education materials written at lower readability levels, while difficult, is attainable. In addition, health information from both Mayo Clinic and Hospital for Joint Disease tended to be written more often from the patient's perspective by way of question-andanswer format, which might help make writing in a conversational, 1 easy-to-understand manner an easier task. Our study should be viewed in light of several limitations. First, the FK readability scale is a somewhat incomplete measure of assessing readability of a text, as it only takes into account the number of syllables and the number of words per sentence; the test fails to assess illustrations and other nontextual elements, which can enhance comprehension and fails to consider the difficulty level of the words themselves. In addition, medical words with relatively few syllables such as ''kyphosis'' might result in lower FK readability levels that are misleading because those words might, in actuality, be unfamiliar to the patient.
14 Nonetheless, the FK readability scale is the most well-utilized readability scoring tool in the literature assessing patient education materials and also has the benefits of being low-cost and easily accessible to anyone with the Microsoft Word software. 2 Although other tests for readability, such as the Mclaughlin SMOG (Simple measure of Gobbledygook) test exist, they have not been used as extensively in the literature. Furthermore, the FK readability scale has been shown to correlate well with these alternative measures of readability. 1 Another limitation of our study is that, from the myriad of academic institutions providing spine-related patient education materials, we sampled only five sources. Nevertheless, we chose these leading academic departments because they were ranked in the top five by US News & World Report, which is a commonly used source for the public to rank hospitals; thus, we felt that they would be among the most likely hospitals whose websites would be referred to for patient educational materials either by physicians or by patients themselves. Furthermore, as these institutions are seen as some of the top departments in the nation, we wanted to assess how these leading institutions compared with the surgical specialty societies in producing readable patient educational materials; however it might be useful in the future to include sampling from various tiers of academic and private institutions to obtain a more comprehensive understanding of readability of spine-related health education materials. There might also have been a sampling variability in the process of selecting the articles for review in this study; however, this variability is likely small as all the articles related to spine surgery were included, and most of the institutional websites had a discrete section dedicated to health education materials specifically related to spine surgeries. In addition, there might be some variability associated in the editing process of the articles before the analysis, although we believe such variability is likely very small because well-established, straight-forward protocols were utilized for editing to minimalize the variability. Finally, non-English educational materials were excluded from our study; due to the growing number of non-English speaking patients, optimizing patient education materials in other languages is an important task. 1 Because poor comprehension of health is directly correlated with poor clinical outcomes, it is imperative to produce education materials written at an appropriate readability level. Our study shows that online spine surgery-related patient educational materials provided by leading academic orthopedic departments is written at readability levels too high for the average American to understand. Although there is an increasing awareness and discussion of health literacy in spine surgery and orthopedics at-large, the readability of online patient educational materials remains excessively high and there is much work to be done to improve orthopedic health education for patients. In spite of this, institutions such as the NYU Hospital for Joint Diseases' have demonstrated the ability to achieve low readability scores for their patient educational materials, thereby showing that creating appropriately written patient education materials is a viable goal.
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